INTODUCTION
Rail joint is a critical component of rail infrastructure. Rail joints are widely used in the rail network. It consists of two joint bars. The bolts, nuts and washers are used to tightly fastening the assembly. The increasing rate of travel on railways also applies increasing stresses to the rails and this requires improvement in the strength of the rail joints. The design and mode of attachment of the fish plates are factors of decisive importance as far as the strength of the rail joint is concerned. Attempts have been made to avoid gaps between the butting ends of the rails by welding the rails either together or to the fish plates, and to enhance the mechanical strength of the weld by reinforcement with the aid of straps welded to the foot and web of the rail. However, the weld seams connecting the straps to the rail tend in their turn to weaken the Joint as a whole, since the rail is damaged along the weld seam producing a weakening of the rail which is similar to that which would result from a grooving of the rail along the line of the weld seam. A primary condition for a good rail joint is that the means of attaching the fishplates shall have the greatest resistance or be subjected to the least specific stress. The attaching of the fish plates by means of rivets would appear to be best suited for the purpose, since rivets fit snugly against the walls of the holes in the parts to be connected together and in consequence are only subjected to shearing stress. Also the use of bolted rail joints is more common than the welded joints till date. Therefore in this study bolted rail joints are considered [1] . Stresses in the wheel and rail contact area at dynamic load modes usually occur in the elastic-plastic areas and loading this area usually leads to a breakage which is a result of low cyclic fatigue. In wheel and rail contact, plastic deformation gradually occurs [1] . Rail joints can be found worldwide in railway networks and are used either to connect rails or to isolate track sections for signaling purposes. Since they constitute a discontinuity, rail joints are a weak spot with a short service life in the track structure. Compared to other track elements, more frequent maintenance and renewal actions are needed [2, 3] . Analysis of Variance, usually abbreviated ANOVA, is a method for comparing the fit of two models, one a reduced version of the other [4] . ANOVA is a type of general linear model suitable for factorial designs, in which one is interested in the main effects of, and interactions between, one or more factors [5] . It is a conceptually simple, powerful, and popular way to perform statistical testing on experiments that involve two or more groups [6] . The basic principle underlying the technique is that the total variation in the dependent variable is broken into one which is attributed to some specific causes is known as the variation between the samples and the one which attributed to chance is called the variations within the samples [7] . The one-way analysis of variance, in particular, is used to test whether or not the averages from several independent situations are significantly different from one another [8] . Data are collected for each factor/level combination and then analysed using analysis of variance (ANOVA). The ANOVA uses F-tests to examine a pre-specified set of standard effects, e.g. 'main effects' and 'interactions' [9] .
EXPERIMENTAL WORK

Experimental Procedure
Analysis is done by equally distributing the total vertical load on each wheel and considering the loading conditions on one wheel. 3D modelling of the track model and assembly has been done in SOLIDWORKS 2015. Once the assembly was completed then the model was imported to ANSYS R16 to analyse the stresses. Tetrahedral mesh was applied to the model with suitable refinement of mesh sizes in required regions. Standard dimensions of track, wheel, fishplate, sleeper geometry are used [4] . The 3D model prepared in Solidworks is shown Figure 1 . 
Range of parameters
The four factors chosen for experiment can be controlled and play a key role in the formulation of the model. These design factors have a certain range within which they can be varied. The range of individual factors chosen are either standard values (in case of sleeper's distance, train speed ) or are calculated mathematically (total load on each wheel).
 Tare weight = 44 tonnes  Axle weight = 7 tonnes  Number of seats in Sleeper coach = 72  Carrying capacity of vehicle is calculated by taking average mass of each person to be 60 Kg. Therefore, mass of people in a coach = 72*60 = 4320 Kg.
But let us also assume that each person is carrying 5 Kg of luggage with him/herself. Therefore, mass of luggage = 72*5 = 360 Kg.
Also let us assume that on each lower seat one extra person is sitting, and total compartments in a coach is 9. Hence, total extra people = 9*3 = 27 , and total mass of extra people = 27*60 = 1620 Kg.
Load on one rail wheel = Mass of [(people+luggage)+(empty coach)+(2* axle mass)/ 
FACTORIAL APPROACH
In our design four factors are to be considered therefore the experiment design is being called a 2 4 full factorial design and it required sixteen test runs, with every possible combination of the factors amongst themselves. These sixteen observations taken in the full factorial design are shown in Table 2 .
The 
having in the model. It can be asserted from the graphs that sleeper distance (figure 2), train speed (figure 3), total load (figure 4) have positive effects, meaning an increase in any of these values will increase the stress value, while the joint placement as shown in figure 5 has a negative effect (-1 is suspended joint & +1 is supported joint). 
Interaction plot
Interaction plots can prove helpful to study the effect or interaction of two parameters simultaneously while keeping the other parameters constant. They tell us about whether or not there is any significant interaction between the two parameters chosen. The less parallelism the lines have, greater is the interaction between the two factors. When there is interdependence between two parameters, i.e. changing one of them has effect on the other then interaction is said to be present. Only the interaction plot of total load-train speed (figure 9) & placement of joint-total load (figure 11) show parallelism. All other interaction plots (figures 6, 7, 8, 10) do not show any parallelism between the two parameters chosen and therefore said to have an interaction between them. 
SIGNIFICANCE OF VARIOUS PARAMETERS
The Pareto plot and the Half Normal Plot (figure 14) helps us to determine, what is the importance and how much is the importance level of each parameter! Pareto plot shows the individual values for each of the parameter's effects. There is a t-value limit line and any factor that extends beyond this reference line is having a significant effect on the model. The t-value limit line is basically dependent on the 80-20 rule.
Fig. 13. Pareto chart
The effect of Sleeper distance (A) has the highest effect on the stress value followed by AD, placement of joint (D), Train speed (B), ABD, BD, AB, total load (C) as shown in figure 13.
Fig. 14. Half normal plot
We use the F-statistic (or F-ratio) in the ANOVA table to make a test of the null hypothesis that all the treatment means are the same (all the αi values are zero) versus the alternative that some of the treatment means differ (some of the αi values are nonzero). When the null hypothesis is true, the F-statistic is about 1, give or take some random variation; when the alternative is true, the F-statistic tends to be bigger than 1. The "Predicted R-Squared" of 0.9516 agrees reasonably with "Adj R-Squared" of 0.9943; since the difference between them is less than 0.2. "Adeq Precision" measures the signal to noise ratio. A ratio greater than 4 is desirable. In this design, a ratio of 45.573 indicates an adequate signal as shown in table 4. The Predicted versus Actual values plot is used to compare the actual and predicted values and to obtain the residual as shown in figure 15. 
MINIMIZATION AND OPTIMIZATION OF STRESS
The mathematical equation which we formulated above helps us to set the values of the four parameters in such a way that the stress value we get from this equation is minimum. We are required to set the limits of the parameters chosen, and assign a goal or condition to it; i.e. set constraints as shown in table 5. Then after running through many local solutions, the best global solution is chosen as shown in Table 6 . The desirability is supposed to be close to 1, which means how close the chosen solution is to its target value. 
Apart
CONCLUSION
The statistical model has been developed based on full factorial DOE and can be used for predicting and minimizing the stress value at the joint with the help of the derived equation. Distance between the sleepers is found to be the most significant parameter affecting the stress value followed by placement of joint, Train speed and total load. Mutual interaction between some of these parameters is also seen to be significant as shown in the Pareto chart. This model can be used to explain 95 percent of variability in the data.
